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The objectives of this book are to develop a systematic theory of linear 
algebra in the presence of an indefinite scalar product and to apply the theory 
to study important aspects of several well-known problems arising in systems 
theory. 
A function [. , .] from C ” X C ” to C is called an indefinite scalar product in 
C” if it satisfies all the usual properties of the standard scalar product with 
the exception that [x, X] may be nonpositive for x # 0. It is thus a natural 
generalization of standard scalar product. 
The study of many simple problems in mathematics demand such a 
generalization. For example, consider the differential equation 
L,O + L,Q + L,y = 0, 
where L,, L,, and L, are Hermitian matrices with L, nonsingular. The 
characteristic equation of the systems is 
(L,P + L,X + L)x = 0. 
This is equivalent to (A,h + A,)Z = 0. If one of these Hermitian matrices is 
merely nonsingular but not necessarily positive definite, then the theory of 
Hermitian forms is certainly not adequate to study the problem. A generaliza- 
tion of this theory in the pressure of an indefinite scalar product will be 
necessary. 
The contents of the book are divided into four parts. 
In the first part, the basic geometrical ideas concerning finite dimensional 
spaces with an indefinite scalar product are developed. Note that replacing 
the usual definite scalar product by an indefinite one realizes reconsideration 
of the basic concept of length and orthogonality. This leads to natural 
extensions of Hermitian, unitary, and normal matrices. As such, H-self-adjoint, 
H-unitary matrices are introduced here and canonical forms for these matrices 
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are carefully developed. Some discussions about functions of matrices in these 
classes are included. 
The second part, the most important part of the book, deals with several 
areas of applications of the theory developed in the first part. These are, 
briefly, differential equations of Hamiltonian type, Hermitian matrix poly- 
nomials and rational functions evaluated on the real line, and the symmetric 
algebraic Riccati equation. All these problems are well-known problems in 
systems theory and are related to important topics such as analysis of transfer 
functions, optimal control, time-invariant systems of ordinary differential 
equations, etc. The theories of H-self-adjoint and H-unitary matrices devel- 
oped in part I are utilized here in a very illuminating way. 
The third part is concerned with perturbations and stability theory of 
H-self-adjoint and H-unitary matrices. Both general perturbations, as well as 
perturbations of special types such as those that preserve Jordan Structure or 
perturbations of H-self-adjoint matrices by the addition of a matrix that is 
definite with respect to H, are considered. The theory developed here is then 
applied to study bounded solutions of differential and difference equations 
that remain bounded under perturbations, to analyze the dependence of 
extremal Hermitian solutions of the Riccati equations on its coefficients, and 
the dependence of the factors of symmetric factorizations of nonnegative 
matrix functions on the parent function. The behavior of eigenvalues, eigen- 
vectors, and invariant subspaces under perturbations are studied too. 
The last part of the book is devoted to the study of connected components 
of differential and difference equations with constant Hermitian coefficients 
and stably bounded solutions. New and completed proofs are given here of 
the well-known results on the connected components of linear Hamiltonian 
systems with periodic coefficients and stably bounded solutions. 
The book is the outgrowth of recent research in the areas of matrix 
polynomials, algebraic Riccati equations, and rational matrix functions by the 
authors and several of their colleagues including H. Bart, A. Ran, M. A. 
Kaashoek, and Paul Fuhrmann. Materials from the two existing books-one, 
Matrix Polynomials by the authors, and the other, Minimal Factorization of 
Matrix and Operator Functions by H. Bart, I. Gohberg, and M. A. Kaashock, 
have been used from time to time. Though indefinite scalar products and 
related operators have received a comprehensive treatment in the context of 
infinite dimensional spaces (mainly in the Russian mathematical literature), 
the systematic development of theory of linear algebra in the presence of an 
indefinite scalar product as done in this book is somewhat new. The book is a 
useful and timely addition to the linear algebra literature. It comes at a time 
when the mathematical community has started paying considerable attention 
to the interplay between linear algebra and systems theory. For example, an 
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American Mathematical Society Summer research Conference on Linear 
Algebra and its Role in Systems Theory has just been held. 
The book under review is self-contained. The necessary materials are 
provided in the text or in the appendices. It is very clearly written and I 
found the book easy to read. Basic undergraduate courses in linear algebra, 
real and complex analysis, and differential equations should be adequate 
background for reading most of the book. Because of this easy mathematical 
requirement and its interdisciplinary nature, the book should be useful to 
engineers, scientists, and mathematicians alike. 
